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Abstract 
Lake Fert6/Neusiedler See is a steppe lake situated on the Hungarian-Austrian border with a 
surface area of 309 km 2. It is an extremely shallow lake with regulated outflow. 54% of the 
whole lake and 85% of the Hungarian part (75 km 2) is covered by reed. There are numerous 
reedless areas (inner ponds) of variable size within the reed belt, which is enmeshed with 
canals connecting the inner ponds with the open water areas. Fundamental differences were 
recorded in the water chemistry of the three water type areas, open water, canals and inner 
ponds. The degree of these differences i  basically determined by the distance from the open 
water areas and the water level of the actual years. An extremely high, an average and an ex- 
tremely low water level year was examined, in order to present the spatial and temporal dif- 
ferences in the water chemistry of the investigated water bodies. Differences due to the water 
level fluctuation between years in the three different water types are discussed on the basis of 
electrical conductivity, cation, and anion concentration changes of the water. Our results up- 
port the concept of high instability of Lake Fert6 and describe habitats with remarkable t m- 
poral and spatial variability. The high influence of water level on habitat conditions at differ- 
ent sites of the lake recommend a carefull water level regulation strategy. 
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Introduction 
In spite of the increasing awareness on the importance 
of wetlands, they are among the most endangered 
ecosystems. Wetlands provide a variety of ecological 
and sociological values and functions at the ecosystem 
level, their functions include hydrologic and biogeo- 
chemical cycling, biological productivity, they serve as a 
wildlife and human habitat (including recreation) 
(MITscI4 & GOSSELINK 1986). Many natural wetlands are 
characterised bysignificant water table changes includ- 
ing marked seasonal variations, which result in charac- 
teristic water level fluctuations. The water egime is of 
primary importance inwetlands. 
Lake Fert6/Neusiedler See, the westernmost and 
largest steppe lake in Eurasia (47042 , N, 16o46 ' E, 
Fig. 1), was declared to be a biosphere reserve by UN- 
ESCO in 1977, and in 1979 it was also put on the World 
Heritage list. It has a surface area of 309 km 2 (Hungarian 
part 75 kin2), with a mean depth of 1.1 m, 54% of the 
whole lake, 85% of the Hungarian part, is covered by 
reed (Phragmites australis CAr. TPdN. ex STEUD.). There 
are numerous reedless areas (inner ponds) of variable 
size from 0.5 to 42 ha (MARKUS 1983) within the reed 
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belt. The lake has two small permanent tributaries, the 
RNcos and the Wulka stream, but its underground afflu- 
ent is also remarkable (REmNGER 1990). Lake Fert6 is 
an ecosystem with permanent, but extremely shallow 
water and regulated outflow. As a consequence of ex- 
treme shallowness, not only the shore is covered by reed, 
but large reed stands are also found in the open water 
areas. In the Hungarian part of the lake the reedbelt is 
enmeshed with max. 3 m wide canals connecting the 
inner lakes with the open water areas. This specific frag- 
mentation of the lake supports high habitat diversity. 
The water level in Lake Fert6 changes easonally 
each year and can vary dramatically over longer periods 
(L(SFFLER 1979). 
At Lake Fert6 the influence of water level fluctua- 
tions on the physical and chemical conditions of reed 
habitats needs attention with respect to the growth con- 
ditions of the reed since the catchment area of the lake is 
small as compared to the lake surface, the water supply 
is unbalanced and the regulation of outflow can not bal- 
ance the influence of rainwater. 
The aim of our study was to investigate he influence 
of water level fluctuation on the chemical characteristics 
of the water and the habitat diversity at Lake Fert6. 
Material and Methods 
Sampling sites 
Sampling sites were selected in the Hungarian part of 
Lake Fert6 (Fig. 1). Four types of water bodies were in- 
Fig. 1. Sampling sites at Lake Fert6/Neusiedler See. 
M: Meteorological Station. Inner ponds: sites 41,42, 44, 45 and 47. 
Healthy reed stands: sites 2, 4, 5 and 9. Die-back reed stands: sites 3, 
6 and 7. Bozi-canal: sites B9, B8 and B1. Open water: sites 11 and 20. 
vestigated tocharacterise the different habitats found be- 
tween the terrestrial zone and the open water areas. One 
of them is the 2.5-3.0 m wide, 5.9 km long 'Bozi'-canal 
perpendicular to the shore (Fig. 4), which crosses the 
whole reed belt (sampling sites B 1, B8 and B9). In the 
canal transect investigations from the terrestrial zone to 
the open water were carried out to determine spatial 
changes. Inner ponds, which are open water areas of dif- 
ferent size situated in the reed belt at different distances 
from the shore (sampling sites 41,42, 44, 45 and 47), be- 
long to the second investigated water type. Sampling 
sites situated in the reed belt (sites 2, 3,4, 5, 6,7, 9) were 
the third habitat type, while open water areas (sites 11 
and 20) were put into the fourth category. Sampling sites 
2, 4, 5 and 9 are homogeneous, closed, healthy reed 
stands while the sampling sites 3, 6 and 7 are degraded, 
loose reed stands. Sampling site 4 was destroyed by har- 
vesting mashines in 1994/95 winter (see detailed e- 
scription of the sites in DINKA & SZEGLET 2001). Sam- 
ples were collected from the water of the reed stands and 
also from the canals ituated near the reed belts marked 
as 2c, 3c and 4c. 
Methods of measurement 
Temperature, electric onductivity (at in situ temperature), 
pH and redox potential of the surface water were mea- 
sured on the spot with a Hydrolog 2100 field equipment. 
The Na +, K + , Ca 2+ , Mg 2+, NH4 +, CI-, NO2 , NO3-, PO43-, 
SO42- concentrations of the water were determined using a 
Dionex DX-120 Ion Chromatograph after filtering (Chro- 
mafil filter, pores: 0.2 ,urn). The CO32- and HCO3-concen- 
trations were measured titrimetrically using the standard 
analytical methods (GOLTERMAN et al. 1978). 
The hydrometeorological data were obtained from the 
Hydrometeorological Station, Fert6rfikos (see Fig. 1). 
Data analysis and statistical methods 
Water chemistry differences (cation and anion composi- 
tion Na + ,K +, Ca 2+ , Mg 2+, CI-, SO42- , C032- , HCO3- ) be- 
tween different sampling sites are illustrated on Maucha 
diagrams, which show the distribution of the major ions. 
The ion concentrations are expressed as milliequivalent 
proportions (%) of the total ion concentration. 
Principal Component Analysis (PCA) was performed 
using the Statistica 6 programme package. 
Sampling dates 
Data obtained in summer (July) were used for the com- 
parison of the sampling sites when a decrease was ob- 
served in the water level (compare Figs. 2 and 3). 
Because of the low water level in 2002 travelling by 
boat was impossible in several canals and some of the 
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Fig. 2. Long-term fluctuations in the water level of Lake Fert6/Neusiedler See (data provided by the Hydrometeorological Station at 
Fert6r~kos). 
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Fig. 3. Water level fluctuations in the years 1994, 1996 and 2002 (data provided by the Hydrometeorological Station at Fert6r~kos). 
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Fig. 4. Water chemistry changes along the Bozi canal (columns indicate conductivity and lines the water level). 
sampling sites were not accessible. At some sampling 
sites the water level was below the sediment surface, 
making sampling impossible. 
Samples were collected on the following days: 
- -  26 th July 1994: In the reed belt at sites 2, 3, 5, 6, 7, 
and 9; in the canals at sites 2c, 3c and 4c; in the Bozi- 
canal at sites B1, B8 and B9; in the inner ponds at 
sites 41,42, 44, 45 and 47; in the open waters at sites 
11 and 20. 
- 3 rd July 1996: In the reed belt at sites 2, 3, 5, 6, 7 and 
9; in the Bozi-canal at sites B1, B8 and B9. 
- 8 th July 2002: In the canals near the reed belts at sites 
2c, 3c and 4c; in the Bozi-canal at sites B1, B8, and 
B9; in the inner ponds at sites 41 and 44. 
In order to present water chemistry changes at the 
other sampling sites of the Bozi-canal (sites B2, B4, B5, 
B6 and B 10; compare Fig. 4) only data measured with 
the Hydrolog 2100 equipment are given here. 
Results 
Water level fluctuations 
• Long-term fluctuations 
The water level changes of Lake Fert6 are presented 
from 1991 to 2002. Low water levels were measured in
1991, 2001, 2002, average levels from 1993 to 1995. 
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Fig. 5. Water chemistry differences of different sampling sites on 26 th July 1994. 
In 1996 an extremely high water level was experienced. 
Long-term fluctuations are shown on the hydrograph 
(Fig. 2). 
• Seasonal f uctuations 
As the snow melts in spring the runoff to the lake in- 
creases. Evaporation from the lake surface is the lowest 
in spring and early summer, when the air above the lake 
is warm and moist and the lake water is relatively cold. 
With more water entering the lake than leaving, the 
water level has a typical peak during spring and early 
summer months (Fig. 3). The water level of the lake is 
generally at its lowest annual level when the air is warm 
and dry and the evaporation from the lake surface and 
the evapotranspiration of the reed belt are at maximum 
in the second part of the vegetation period (Fig. 3). 
Water chemistry 
Three characteristic years were selected to present the 
effect of water level fluctuations on hydrochemistry: 
1994 for average water level, 1996 for extremely high 
water level, 2002 for low water level (Fig. 2). 
Along the Bozi-canal (Fig. 4) electric onductivity in- 
creased considerably from the shore to the open water. 
Under the first 3500 m from the shore it increased from 
942 to 2466,uS/cm in 1994, from 855 to 1686 ptS/cm in 
1996 and from 1354 to 2751 uS/cm in 2002. No consid- 
erable changes were detected under the remaining 
1500 m to the open water. Seasonal changes were small- 
er than the increase towards the open water. The pH also 
increased from the shore to the open water (1994:7.1 to 
8.5; 1996:7.7 to 8.1; 2002:8.3 to 9.5). 
For the presentation of spatial differences of water 
chemistry data from 1994 (when the water level was aver- 
age) were chosen, but in the statistical nalysis all water 
chemistry data from 1994, 1996 and 2002 were used. 
Water chemistry differences between i ner ponds and the 
open water (Fig. 5) are presented in Maucha diagrams. 
The salt concentration f the inner pond (site 45) near the 
shore was lower than in the open water (sites 11 and 20). A 
dominance ofCa 2., Mg 2÷ and HCOj was also observed at 
site 45, and there was less Na +, C1- and SO42- in the water 
than in the other inner ponds and in the open water areas. 
In inner ponds situated far from the shore (sites 41 
and 42), near the open water areas Ca 2+, Mg 2+ and HCO3- 
were lower than in the inner pond (site 45) near the shore 
and Na +, C1- and SO42- increased as well as in the inner 
ponds (sites 44 and 47) which were isolated from open 
water in every direction. At sites 41 and 42 especially 
Na + showed aremarkable higher concentration. 
At sites 11 and 20 (open water), a further increase in 
SO42- and a decrease in HCO 3 were observed as com- 
pared to the previous ites. The Ca 2+, Mg 2+, UCO 3- dom- 
inance of the water shifted towards Na +, Mg 2÷, SO42- 
with an increasing C1- content in the open water. 
Electrical conductivity was lower in the inner ponds 
than in the open water. Differences in the chemical char- 
acteristics could be found within a short distance, e.g. 
electrical conductivity was higher in the inner ponds 
(e.g. in sites 41 and 44) than in the adjacent canal only 
approximately 500 meters away (Fig. 4), which is obvi- 
ously the result of isolation. 
In the high water, in summer 1996, the electrical con- 
ductivity varied between 1650-1900 uS/cm indepen- 
dently of the season. In contrast, during the low water 
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summers 2000 and 2001 electrical conductivity varied 
from 1350 (site B9) to 2700 pS/cm (site 20) and the iso- 
lation of the sites situated far from the open water be- 
came more extreme. 
Statistical evaluations 
The statistical analysis of correlation between chemical 
characteristics of the water showed ahigh correlation for 
K +, Na +, Mg 2+ , and CI-, SO42-, HCO3-, pH and conductiv- 
ity, respectively (Table 1). Temperature aswell as electri- 
cal conductivity showed a positive correlation with the 
majority of the investigated chemical parameters, except 
for PO4 3-, NO3-, Na + and Ca 2+ concentrations. 
• Principal component analysis 
Data from 1996 (high water level year) and 2002 (low 
water level year) were compared to 1994 data (avarage 
water level year). In 1996 (Fig. 6) the chemical composi- 
tion of the water fluctuated less than during the low 
water level period in 2002 (Fig. 7), as compared to 1994 
(Figs. 6 and 7). 
The main spatial environmental gradients revealed by 
principal component analysis were electrical conductivi- 
ty, pH and its correlated variables. 
• Reed belt 
In 1994, the electric onductivity, pH and C032- concen- 
tration showed a negative correlation with the first prin- 
cipal component and played an important role in the sep- 
aration of site 9 (Fig. 6), which is situated close to the 
open water area and is completely separated from the 
other sites. The second principal component showed a 
positive correlation with Ca 2+ and a negative correlation 
with SO42-, Na +, K +, PO43- and temperature, and resulted 
in the separation of healthy reed stands (sites 2 and 5). 
The separation of degraded reed stands (sites 3, 6 and 7), 
which were grouped together when the water level was 
lower, was determined by concentrations of NO3, PO43-, 
Mg 2+ and temperature (Fig. 6). 
In 1996 (under extremely high water level) the separa- 
tion of sites was in correlation with the geographical dis- 
tance betweeen the sites and not with the condition of the 
reed belt as in 1994: the first group (sites 9 and 7; see Fig. 
6) is geographically close to each other and to the open 
water. The members of the second group (sites 6, 5 and 3) 
are also close to each other (Fig. 1). The separation of 
sites 7 and 9 from the other sites was determined by the 
C1-, Ca 2+, HCO3-, K + and SO42- concentrations (Fig. 6). 
• Inner ponds and the Bozi canal 
In 1994 (Fig. 7) sites 4c and 3c showed anegative corre- 
lation with the first principal component. The sites 3c 
and 4c, which are close to each other and far from the 
Bozi canal, were in close relationship. Those parts of the 
Bozi-canal that are situated far from the open water area 
(B8 and B9) were in another group. 
The same sampling sites were more pronouncedly 
separated when the water level was lower (Fig. 7). In 
2002 the first principal component showed astrong neg- 
ative correlation with electrical conductivity, pH value, 
temperature and concentrations of Na +, K +, Mg 2+, CI-, 
CO32-, HCO3- and SO42-. It can be interpreted as an axis 
indicating ionic strength (salinity) and showed relation- 
ship with more variables than the second principal com- 
ponent. The first group is represented by site 3c, which 
was characterised by its extremely shallow water level 
and the highest conductivity, pH values and ion concen- 
trations; this site was sharply separated from the other 
sampling sites. The second group contained parts of the 
Bozi-canal situated far from the open water area (sites 
B8 and B9). The third group contained inner ponds (sites 
41 and 44) and the fourth group comprised sites situated 
in the reed belt close to each other (sites 2c and 4c). 
Table 1. Matrix of Pearson correlation coefficients between environmental variables. Correlations (Correl matrix); marked correlations are sig- 
nificant at p < 0.05000; n = 22 (casewise deletion of missing data), 
Variable CI NO3-N PO4-P SO4 HC03 C03 Na K Mg Ca T pH Cond. 
CI 1.00 -0.21 -0.23 0.83 0.73 0.82 0.78 0.92 0.90 -0.36 0.58 0.61 0.95 
NO3-N -0.21 1.00 0.04 -0,13 -0.16 -0.11 -0.08 -0.18 -0,09 -0.06 -0.44 -0.25 -0,21 
PO4-P -0.23 0.04 1.00 -0.10 -0.13 -0.32 0,01 -0,20 -0.37 -0.16 -0.53 -0.37 -0.23 
S04 0.83 -0.13 -0.10 1.00 0.47 0.60 0.55 0.85 0.69 -0.38 0.48 0.53 0.75 
HC03 0.73 -0.16 -0.13 0.47 1.00 0.59 0.82 0.66 0.83 -0.20 0.43 0.46 0.78 
C03 0.82 -0.11 -0.32 0.60 0.59 1.00 0.64 0.77 0.75 -0.42 0.53 0.45 0.86 
Na 0.78 -0.08 0.01 0.55 0.82 0.64 1.00 0.80 0.82 -0.07 0.25 0.63 0.84 
K 0.92 -0.18 -0.20 0.85 0.66 0.77 0.80 1.00 0.88 -0.22 0.57 0.72 0.93 
Mg 0.90 -0.09 -0.37 0.69 0.83 0.75 0.82 0.88 1.00 -0.16 0.61 0.68 0.92 
Ca -0.36 -0.06 -0.16 -0.38 -0.20 -0.42 -0.07 -0.22 -0.16 1.00 -0.09 0.31 -0.30 
T 0.58 -0.44 -0,53 0,48 0.43 0,53 0.25 0.57 0,61 -0,09 1,00 0.46 0.63 
pH 0.61 -0.25 -0.37 0.53 0.46 0.45 0.63 0.72 0.68 0.31 0.46 1.00 0.64 
Cond. 0.95 -0.21 -0.23 0.75 0.78 0.86 0.84 0.93 0.92 -0.30 0.63 0.64 1.00 
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Discuss ion  
Lake Fert6 has never got a stable chemical composition, 
both seasonal and long-term variations are characteristic 
in it. The concentrations of some elements (e.g. Ca ~+) 
only change to a limited extent, while others (e.g. C1-, 
SO4 z-, Na +, K ÷, Mg ~+) are strongly influenced by the 
water level fluctuations, sediment-water interactions 
(DINKA 2001; SZAB0 & DIN~A 2002) and biological pro- 
cesses (ARMSTRONG et el. 1996a). When the water level 
is high (1996, 1997), the reed belts and the reedless 
ponds situated in the inner part of the lake are covered 
continuously and uniformly by water due to the mor-  
phometry of the lake. When the water level is low, the 
water surface is discontinuous, it does not cover the reed 
belt and the inner ponds become more isolated from the 
open water. 
Water level fluctuations usually occur over consecu- 
tive years. Continuously wet and cold years will cause 
in a water level increase. Likewise, a series of consecu- 
tive warm and dry years will cause a water level de- 
crease. 
In accordance with the Austrian-Hungarian Water 
Convention it is desirable to maintain the water level at 
115.5 m above the Adriatic Sea level. In spite, however, 
recently it has been raised to 115.7 m a.s.1. If the water 
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Fig. 6. Principal component analysis of chemical parameters at reed belt sampling sites of Lake Fert6 in 1994 (average water level) and in 1996 
(extremly high water level). Right and left graphs demonsrate variables and sites, respectively; unlike the variables, sites form groups, both in 
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level increases considerably above the 115.5 m level the 
sluice valve of the outflow weir is opened. This occurred 
many times in 1996 and 1997, preventing an increase of 
the concentration f ions and cations, electric onductiv- 
ity and pH in these years, which was a characteristic fea- 
ture of the lake when water levels decreased again 
(DTNKA 1993; DINKA & BERCZIK 1992). This way in 
water chemistry differences in different habitats hardly 
developed, which was well reflected by the electrical 
conductivity changes of the water at the examined sam- 
pling sites in 1996 (except of sites B8 and B9). 
The water level of the lake was also lowered in winter 
2000/2001 by opening the outflow weir and, what was 
even more important, his period was followed by dry 
years (2001 and 2002) with almost no precipitation. As a 
consequence, water level decreased toan extreme xtent 
and remarkable seasonal and spatial differences were 
observed between different habitats in this period. 
Comparing the PCA for 2002 and 1994 a complete re- 
alignment of the sites can be observed. This was due to 
the changes in the water level causing changes in the 
chemical composition of the water, too. The water level 
decrease in 2002 had a greater influence on the chemical 
composition of the shallower parts of the lake and the 
sampling sites situated far from the open water area, 
than deeper areas near the open water. 
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Inner ponds proved to be constantly different in their 
physical and chemical aspects, which also had effect on 
their fauna and flora (ANDRIKOVICS 1978, 1979; PADISAK 
1983, 1993; BUCZK6 1989; RATn, 1990). The observed 
chemical differences positively reflect he distance from 
the shore. A similar tendency of water chemistry was 
recorded by TAKATS (1984) and TAKATS et al. (1997). 
Some parameters (pH value and electrical conductivi- 
ty) showed a continuous trend from the terrestrial zone to 
the open water of Lake Fert6 along the Bozi-canal, which 
is surrounded by an extremely wide, uniform reed belt. 
The pH varied seasonally with higher values in the second 
part of the vegetation period, and an increase in conductiv- 
ity towards the open water was always characteristic. 
A high correlation between temperature as well as 
electrical conductivity with the majority of the investi- 
gated chemical parameters was found, except for PO43-, 
NO3-, Na + and Ca 2+ concentrations. Chemical character- 
istics of the water showed a high correlation for K +, Na ÷, 
Mg 2+, and C1-, SO42-, HCO3-, pH and conductivity, re- 
spectively (Table 1). Temperature as well as electrical 
conductivity showed a positive correlation with the ma- 
jority of the investigated chemical parameters, except 
for PO43-, NO3-, Na ÷ and Ca 2+ concentrations. 
Similar relationships among the geogenic variables 
(K ÷, Na +, Mg 2+) and conductivity, pH values, C1- and 
SO42- were observed by RIQUAL (2002) in the lakes of 
the French Massif Central. 
Changes in the water table influence the hydrochemical 
characteristics of Lake FertG. The occurrence of anaerobic 
conditions (ARMSTRONG et al. 1996a,b; DINKA 2001) in 
the reed belt also depends on water depth, but at the deep- 
er sites decrease in the water level helps the reed to ex- 
pand. 
The high influence of water level on habitat condi- 
tions should be taken into the consideration i the future 
water level regulation strategy. The average water level 
of 115.65 m above the Adriatic See level should be en- 
sured and seasonal changes in water level fluctuation 
based on agreement between the water and nature con- 
servation authorities must be maintained. 
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